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© Test tube conveying system for analysis apparatus. 



® Test tubes are transported to a sampling loca- 
tion in a test apparatus by using a conveyor system 
^comprising a series (32) of bi-pivotally linked elon- 
2r 9 ated test tube holders (42) each containing a stop- 
pered test tube. The series of holders passes from 
22 mput compartment (68) into guide (30), and a se- 
lected number of holders are sequentially received 
on mixing table (36) where those holders (and asso- 
J2 dated test tubes) are batch rotated for mixing. These 
tubes are then sampled by aspiration, and thereafter 
moved through guide (38) to output compartment 
°(70). 
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TEST TUBE CONVEYING SYSTEM FOR ANALYSIS APPARATUS 



This invention relates to a test tube conveying 
system useful in apparatus for automatically testing 
fluid samples such as blood. 

In almost routine fashion, the body fluids and 
tissues of millions of individuals are submitted for 
testing each day to assess various characteristics 
of their body chemistry. The tests, which are con- 
ducted in hospitals, independent laboratories and 
doctors' offices, are often used to supplement a 
medical judgment, as well as provide data for other 
determinations. An increasing proportion of such 
tests are used to detect the presence of fatal 
diseases such as AIDS, and to screen for illicit 
drug use. 

Known automated and computerised test ap- 
paratus can perform multiple test analyses of blood 
chemistry, determine the blood type and Rh factor 
as well as screen for syphilis and German measles. 
Examples of apparatus and processes for carrying 
out automatic blood testing are shown in U.S. Pat- 
ents 3,740.143; 3,741,875 and 4,487,700. 

Many known test apparatus for testing fluid 
samples require manual feeding of open test tubes, 
necessitating the presence of an operator or techni- 
cian during the performance of such tests. An 
important function of an operator in addition to 
introducing a fluid sample into a test apparatus, is 
to mix the sample just before it is introduced. 

Thus, the development of automatic feed sys- 
tems for test apparatus of the type described has 
become a major goal of the testing industry. 

In response to this problem, U.S. Patent 
4,609.017 discloses a transport system for auto- 
matically transporting sealed test tubes and mixing 
the test tubes. In accordance with the transport 
system, a set number of test tubes are lined up in 
a rack and a plurality of such racks are stacked by 
an operator in the test apparatus. Each rack is 
automatically shifted in successive order onto a 
conveyor belt which moves in stepwise fashion to 
align a respective test tube in the rack with an 
aspirator that draws a fluid sample from the test 
tube. The conveyor belt is supported on a table 
that is rocked during each advancing step to mix 
the contents of the test tubes. 

When a test tube is aligned with the aspirator, 
a push rod projects the test tube out of the rack 
against the aspirator needle. After aspiration is 
completed, a stripper bar retracts the protracted 
test tube back into the rack. The conveyor then 
moves another step to align the next test tube in 
the rack with the aspirator needle. When the com- 
plete line of test tubes in the rack have been 
aspirated, the rack is shifted by the conveyor into a 
storage space in the apparatus for eventual re- 



moval by an operator. 

A primary disadvantage of the rack feed ar- 
rangement is the limited capacity in the test ap- 
paratus of stacking space for accommodating the 
5 incoming racks. Another disadvantage is that the 
finished racks remain stored in the apparatus until 
their removal by an operator. A further disadvan- 
tage is the racks are held in place on the conveyor 
by frictional contact between the rack and the 
70 conveyor. Thus, any slippage between the rack and 
conveyor will upset the indexing system movement 
that aligns the test tubes with the aspirator with 
each stepwise movement of the conveyor. Such 
slippage may occur when a test tube is protracted 
75 from the rack with a push rod to engage the 
aspirator. The push rod can upset the position of 
the rack on the conveyor and require the interven- 
tion of an operator to correct such malfunction. 
Similar slippage can occur when the stripper bar is 
20 used to retract the test tube into the rack. A still 
further disadvantage is that the test tube racks 
must be elevated onto and off the conveyor belt, 
thus requiring a separate elevator system. Still an- 
other disadvantage is that all test tubes in the rack 
25 must be of the same size. 

A continuous feed arrangement for the test 
tubes, as shown in U.S. Patent 3,521 ,785, discloses 
test tubes connected together in chain-like fashion 
by using the test tubes to form the joints of the 
30 chain. Removal or breakage of one test tube will 
cause a break in the chain. In addition, this device 
does not permit the mixing of a given number of 
test tubes in the chain which are in proximity of a 
sampling station of a test apparatus. 
35 it is thus desirable to provide an automatic test 

apparatus having an automatic feed system which 
can feed an unlimited number of test tubes in 
continuous fashion to a sampling station of the test 
apparatus, continuously identify each test tube that 
40 is being sampled, and continuously deposit the 
finished test tubes in a collection area It is also 
desirable that the continuous feed system mix a 
predetermined number of test tubes just before 
they are tested and that the contents of the test 
45 tube be sampled or withdrawn without moving the 
test tube from its transported position. 

According to the present invention, there is 
provided a conveyor system for transporting test 
tubes to a sampling location of a test apparatus 
so comprising, 

(a) a plurality of elongated test tube holders, 
with respective longitudinal axes, detachabiy joined 
together to form a continuous linkage, a test tube 
being receivable in and removable from each of 
said test tube holders, 
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(b) latching means for detachably joining the 
test tube holders together to permit a first bi- 
directional pivotal movement between said test 
tube holders such that the longitudinal axis of one 
test tube holder is an axis of rotation for an adja- 
cent test tube holder, whereby said linkage is flexi- 
ble about the longitudinal axes of the respective 
test tube holders, 

(c) drive means for engaging the test tube 
holders of said linkage to move the linkage in a 
second direction past said sampling location, 

(d) mixing means for moving a first predeter- 
mined number of test tube holders in the linkage, 
separate from the other test tube holders in the 
linkage, in a predetermined pattern of movement, 
when said first predetermined number of test tube 
holders are in a first predetermined location with 
respect to said sampling location, 

(e) said latching means further including a 
pivot joint between adjacent test tube holders for 
permitting a second bi-directional pivotal move- 
ment between said adjacent test tube holders such 
that one of said adjacent test tube holders can be 
tilted about said pivot joint with respect to the other 
adjacent test tube holder whereby the longitudinal 
axis of said one adjacent test tube holder is inclin- 
able with respect to the longitudinal axis of the 
other adjacent test tube holder, the inclinable bi- 
directional movement of said one adjacent test 
tube holder about said pivot joint with respect to 
the other adjacent test tube holder constituting said 
predetermined pattern of movement. 

The invention also includes a conversion sys- 
tem for manual feed open tube sampling apparatus 
for testing the fluid contents of test tubes, said 
conversion system converting the operation of said 
apparatus from a manual feed operation to auto- 
matic continuous feeding of test tubes for auto- 
matic sampling at an automatic sampling station, 
comprising 

(a) a conveyor system for continuously 
transporting test tubes to a sampling station of said 
sampling apparatus, the conveyor system including 
any selected number of elongated test tube holders 
detachably joined together to form a continuous 
linkage, with a test tube being receivable in and 
removable from each of said test tube holders, 

(b) mixing means for moving a first predeter- 
mined number of test tube holders in the linkage 
separate from the other test tube holders in the 
linkage, when said first predetermined number of 
test tube holders are in a first predetermined loca- 
tion with respect to said automatic sampling sta- 
tion, 

(c) automatic aspiration means at said auto- 
matic sampling station, for automatically withdraw- 
ing a sample of fluid from the test tubes as said 
test tube holders sequentially move into alignment 



with said needle member, said aspiration means 
including a needle member. 

The invention further comprises an automatic 
sampling system comprising, 

5 (a) testing means for analyzing a sample of 

fluid by the automatic performance of a plurality of 
tests on predetermined portions of said sample, 

(b) a conveyor system for continuously 
transporting test tubes to a sampling station of a 

10 test apparatus, the conveyor system including any 
selected number of elongated test tube holders 
detachably jointed together to form a continuous 
linkage, with a test tube being receivable in and 
removable from each of said test tube holders, 

15 (c) mixing means for moving a first predeter- 

mined number of test tube holders in the linkage 
separate from the other test tube holders in the 
linkage, when said first predetermined number of 
test tube holders are in a first predetermined loca- 

20 tion with respect to said automatic sampling sta- 
tion, 

(d) automatic aspiration means, including a 
needle member, at said sampling station for auto- 
matically withdrawing a sample of fluid from the 
25 test tubes as said test tube holders sequentially 
move into alignment with said needle member. 

The invention further includes a method of test- 
ing fluid samples comprising, 

(a) detachably joining any selected number 
30 of test tube holders together to form a continuous 

linkage such that a test tube containing a fluid 
sample is receivable in and removable from any 
one of the test tube holders, 

(b) permitting any of the test tube holders in 
35 the linkage to pivot with respect to an adjacent test 

tube holder about the longitudinal axis of the adja- 
cent test tube holder, 

(c) permitting any of the test tube holders in 
the linkage to tilt with respect to an adjacent test 

40 tube holder such that the longitudinal axis of one 
test tube holder is skew with respect to the longitu- 
dinal axis of the adjacent test tube holder, 

(d) moving the linkage of test tube holders, 
with test tubes, past a sampling location, 

45 (e) moving a first predetermined number of 

test tube holders in the linkage in a mixing pattern 
of movement wherein the longitudinal axes of the 
first predetermined number of test tube holders are 
tilted collectively in opposite directions, separate 

so from the other test tube holders in the linkage, 
when the first predetermined number of test tube 
holders are in a first predetermined location with 
respect to the sampling location, 

(f) aligning one of the test tube holders of 

55 the first predetermined number of test tube holders 
with an aspiration needle and withdrawing a sample 
of fluid from the aligned test tube holder at a 
selected time. 
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(g) automatically transferring portions of the 
sample of liquid to predetermined numbers of test 
stations for performance of a predetermined num- 
ber of tests on the fluid sample. 

In accordance with features of the present in- 
vention, an automatic sampling system includes a 
test apparatus for automatically analyzing a sample 
of fluid via a plurality of tests performed by the 
apparatus on predetermined portions of the sam- 
ple. The test apparatus is fed continuously by a 
conveyor system which can be modular. The con- 
veyor system transports test tubes containing the 
fluid samples to a sampling or aspiration station on 
the test apparatus which includes an aspiration 
needle. Mixing means cooperate with the conveyor 
system to automatically mix a predetermined num- 
ber of test tubes containing the fluid samples be- 
fore the test tubes are automatically aspirated in 
successive order. 

The test tubes are transported to the sampling 
station in a linkage of test tube holders that are 
joined together to permit relative pivotal and tilting 
movement in radial and longitudinal directions. 
Thus, a single test tube holder or a group of test 
tube holders can be collectively tilted to provide a 
mixing motion that is needed before any individual 
test tube is aspirated. 

The linkage of test tube holders remains in- 
tegral before, during and after mixing as well as 
during aspiration of any individual test tube. The 
linkage can be of any selected length depending 
upon the number of test tube holders that are 
joined together. Additional test tube holders and/or 
additional linkages can be added as desired to the 
incoming linkage. Thus, a linkage of unlimited 
length is theoretically possible. 

In the present automatic sampler, the test ap- 
paratus is adapted from a known device which 
normally operates on manually introduced open 
tube samples, yet provides the requisite number of 
tests on such samples. A conveyor module is pro- 
vided for automatically delivering the linkage of test 
tube holders to the test apparatus. An aspiration 
module is also incorporated on the test apparatus 
to automatically aspirate the test tubes in the link- 
age on an individual basis in sequential order. 
Mixing means for mixing the test tubes before 
aspiration are also provided on the conveyor mod- 
ule. 

The test apparatus is thus rendered capable of 
operating on automatic closed tube samples when 
the aspiration and conveyor modules are in opera- 
tion. Computer controls which control the operation 
of the conveyor module and the aspiration module 
are interconnected with computer controls that con- 
trol the operation of the test apparatus. 

Whether the automatic sampling system is 
modular or nonmodular, the feeding of test tubes to 



an aspiration station in continuous fashion and the 

mixing of selected test tubes as a group separate 

and apart from other test tubes in the linkage, 

without affecting the integrity of the linkage, en- 
5 ables the automatic sampler to operate without 

interruption until all test tubes in the linkage have 

been tested. 

In order that the invention may be more fully 

understood, embodiments thereof will now be de- 
io scribed, by way of example only, with reference to 

the accompanying drawings, wherein: 

FIG. 1 is a perspective view of an automatic 

sampling system incorporating one embodiment of 

the invention; 

rs FIG. 2 is a perspective view thereof showing 

a conveyor module thereof pivoted away from a 
test apparatus thereof; 

FIG. 3 is a perspective view of test tube 
holders joined together to form a linkage trans- 
20 ported by the conveyor module; 

FIG. 4 is a simplified schematic perspective 
view of the conveyor module; 

FIG. 5 is an enlarged elevational view of two 
adjacent test tube holders in the linkage; 
25 FIG. 6 is a view taken along the line 6-6 of 

Fig. 5; 

FIG. 7 is a front elevational view of the 
conveyor module; 

Rg. 8 is a top plan view of the conveyor 

30 module; 

Fig. 9 is a fragmentary perspective view of a 

mix table; 

Rg. 10 is a simplified end view of the link- 
age stacked in a fan-fold or Z-fold arrangement; 

35 Rg. 1 1 is a fragmentary side elevational view 

of the mix table in a transport position; 

Rg. 12 is a fragmentary side elevational view 
of the mix table in a stat position, the cover of the 
mix table being opened; 

40 Rg. 13 is a fragmentary side elevational view 

of the mix table in the stat position with the cover 
closed; 

Rg. 14 is a side sectional view showing the 

mix table in the aspirate position with respect to 
45 the aspiration module when the aspirate needle is 

in a retracted position; 

Rg. 15 is a view similar to Rg. 14 which 

shows the aspiration module centering a test tube 

on the mix table before aspiration; 
50 Rg. 16 is a view similar to Rg. 15 which 

shows the aspiration module withdrawing fluid from 

a test tube on the mix table; 

Fig. 17 is a top plan view of the conveyor 

module operationally joined to the test apparatus; 
55 Rg. 18 is a view similar to Rg. 17 showing 

the conveyor module partially separated from the 

test apparatus; 
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Rg. 19 is a simpiified schematic view of the 
conveyor module and the pneumatic circuit for 
operating the aspiration module; 

Rg. 20 is a simplified schematic diagram of 
the aspiration, mixing and transport processes; 

Rg. 21 is a simplified schematic diagram of 
the conveyor system; 

Rg. 22 is a simplified schematic diagram of 
the process of mixing and aspiration; 

Fig. 23 is a detailed simplified schematic 
diagram of the mixing process; 

Fig. 24 is a detailed schematic diagram of 
the electrical functions during mixing; 

Rg. 25 is a simplified schematic diagram of 
the electrical functions during transport of a test 
tube to an aspiration position; and 

Rg. 26 is a detailed schematic diagram of 
the process of aspiration. 

Corresponding reference characters indicate 
corresponding parts throughout the several views 
of the drawings. 



DETAILED DESCRIPTION OF THE INVENTION 



An automatic sampling system (hereinafter re- 
ferred to as sampler) incorporating one embodi- 
ment of the invention is generally indicated by the 
reference number 10 in Rg. 1. 

The sampler 10 includes a test apparatus 12 
for performing a plurality of tests on a sample of 
fluid such as blood, to determine specific char- 
acteristics of the blood. The sampler 10 further 
includes a conveyor module 14 pivotally and de- 
tachably secured to the test apparatus 12, and an 
aspiration module 16 (Rg. 2) also detachably se- 
cured to the test apparatus 12. 

The test apparatus 12 is a self contained fully 
operational analyzer, but normally requires manual 
feeding of open tube samples to an aspiration head 
18 having a depending aspiration needle 20. The 
aspiration module 16 supersedes operation of the 
aspiration head 18 when a sample port selector 
switch 402 (Rg. 19) is set to select the automatic 
mode of operation and the conveyor module 14 is 
in the position of Fig. 1 . 

The apparatus 12 further includes a reagent 
station 22 (Rg. 2) with reagent containers 24 that 
are used in the chemical analyses that are the 
bases for many of the tests performed in the ap- 
paratus 12. Further details of the apparatus 12 and 
the tests performed therein may be found in U.S. 
Patents 3.740,143; 3,741.875; 4,575,490; 4.487.700; 
and U.S. Patent Application Serial No. 431 .639 filed 
September 30, 1982; the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 2 and 17. the conveyor mod- 



ule 14 includes a computer housing 26 that is 
pivotally joined, as by a hinge member 28 (Rg. 
17), to the test apparatus 12 for movement in and 
out of proximity with the aspiration module 16. If 

5 desired, the computer housing 26 can be provided 
as a separate module. Referring to Figs. 17 and 18, 
a guide slot 25 and an engaging guide pin 27 
permit linear and radial displacement of the con- 
veyor module 14 away from the test apparatus 12, 

io for service access to the test apparatus 12 and the 
reagents 24. 

Referring to Rgs. 1, 4 and 7, the conveyor 
module 14 also includes linkage guide means 29 
for guiding the transportation of a linkage 32. The 

r5 linkage guide means 29 includes an input linkage 
guide 30 which leads to an entrance portion 34 
(Rg. 7) of a mix table 36, and an output linkage 
guide 38 which leads away from an exit portion 40 
of the mix table 36. 

20 Referring to Figs. 3, 5 and 6. the linkage 32 

comprises a plurality of test tube holders 42 elon- 
gated along an axis 44 and detachably joined to- 
gether at complementary shaped latch members 
46 and 48. The latch members 46 and 48 form a 

25 pivotal joint that permits bi-directional tilting move- 
ment between adjacent test tube holders 42 such 
that the longitudinal axis 44 of one test tube holder 
is inclinable with respect to the longitudinal axis 44 
of an adjacent test tube holder 42, as shown in Rg. 

30 3. . 

Each test tube holder 42 comprises an elon- 
gated tubular member 50 which incorporates the 
latch member 46 and a collar-shaped pivot mem- 
ber 52 supported on the tubular member 50 for 
35 radial movement with respect to the longitudinal 
axis 44 of the test tube holder 42. 

The terms "axial" and "radial" as used herein 
relate to the longitudinal axis 44 as a frame of 
reference. Thus, unless otherwise indicated, "axial" 
40 refers to a distance or direction parallel to the 
longitudinal axis 44 and "radial" refers to a dis- 
tance, direction or location that has a center on the 
longitudinal axis 44. 

The pivot member 52 incorporates the latch 
45 member 48. Thus the pivot member 52 along with 
the latch members 46 and 48 constitute latching 
means for detachably joining adjacent test tube 
holders 42 together. The latching means 52, 46 
and 48 permit bi-directional pivotal movement be- 
so tween adjacent test tube holders 42 (Rg. 3) such 
that the longitudinal axis 44 of one test tube holder 
is an axis of rotation for an adjacent test tube 
holder. A 270* bi-directional range of radial- pivotal 
movement is obtainable under this arrangement 
55 and the linkage 32 is thus afforded sufficient flexi- 
bility to be stacked in the fan-fold or Z-fold ar- 
rangement of Rg. 10. 

The test tube holder 42 further includes an 
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adapter member 54 that is detachably receivable in 
the elongated tubular member 50 in a manner 
whereby the collar-shaped pivot member 52 em- 
braces the adapter member 54. The adapter mem- 
ber 54 has sufficient clearance from the pivot 
member 52 to permit relative radial movement 
therebetween. 

A test tube 56, which can be of the closed-tube 
type sold under the trade name Vacutainer by 
Becton Dickinson, is inserted in the adapter mem- 
ber 54. before or after the adapter member 54 has 
been positioned in the elongated tubular member 
50. The test tube 56 is normally sealed with a 
stopper 58. 

The adapter member 54 is interchangeable in 
the elongated tubular member 50 with other adapt- 
er members that accommodate test tubes of dif- 
ferent size such as the adapter member 60 which 
accommodates a test tube 62 as shown in Fig. 6. 

If desired, an annular retaining ring 64 (Fig. 5) 
can be inserted in a radial groove 65 of the adapter 
member 60 to enhance retention of the test tube 
64 or any other size test tube in its respective 
adapter member, especially if the test tube has 
been previously opened. 

A more complete description of the structure 
and operation of the test tube holder 42 is con- 
tained in our copending European patent applica- 
tion entitled Test Tube Holder filed simultaneously 
with this application, based on U.S.S.N. 061,252 
(File 1 5087) the disclosure of which is incorporated 
herein by reference. 

The engagement of the latch members 46 and 
48 of adjacent test tube holders 42 permits devel- 
opment of the linkage 32 to any selected length 
based on the number of test tube holders 42 joined 
together in the linkage 32. Additional linkages 32 
can be attached to a linkage 32 that is already in 
the input compartment 68. Such additions can be 
made as desired. Thus, the linkage 32 of test tube 
holders 42 can be of theoretically unlimited length. 

As shown schematically in Fig. 4, the linkage 
32, when developed to a predetermined length, can 
be prepackaged in a cassette or container 66 for 
installation in an input compartment 68 that com- 
municates with the input linkage guide 30. Simi- 
larly, an output compartment 70 receives and 
stores the linkage 32 exiting from the output link- 
age guide 38. 

When the linkage 32 is of a length which 
exceeds the capacity of the input and output com- 
partments 68 and 70, an input door 72, shown 
schematically on the input compartment 68 of Fig. 
4, is opened to permit the incoming linkage 32 to 
pass through the input door 72 into the input com- 
partment 68. 

An output door 74, shown schematically on the 
output compartment 70 in Fig. 4, can also be 



opened via the latch 76 and the hinge 78 to permit 
the exiting linkage 32 to bypass the storage space 
80 of the output compartment 70 and move into a 
larger receiving container (not shown). 
5 Another option is to provide removable input 

and output bins 68 and 70 as shown schematically 
in Fig. 19. Thus the input and output compartments 
68 and 70 can be entirely removed from the con- 
veyor module 14 when linkages 32 of unlimited 
70 length are being used, to provide an unconfined 
space for incoming and exiting linkage. 

Referring to Figs. 7, 8 and 9, drive means for 
engaging the test tube holders 42 of the linkage 32 
to move the linkage 32 through the input and 
75 output linkage guides 30 and 38 is generally in- 
dicated by the reference number 82. The drive 
means 82 includes a pair of input sprockets 84 and 
86 (Figs. 7 and 8) fixed to a shaft 88 rotatably 
mounted near a bend 90 in the incoming linkage 
20 guide 30. 

Similarly, a pair of output sprockets 92 and 94 
are fixed to an output shaft 96 located near a bend 
98 in the outgoing linkage guide 38. Cusp portions 
100 of the sprockets 84, 86, 92 and 94 are sized to 
25 engage the periphery of any of the test tube hold- 
ers 42 in the linkage 32 in the manner shown in 
Fig. 9. 

The input and output sprocket shafts 88 and 96 
are belt driven by respective toothed belts 102 and 
30 104 which engage correspondingly toothed driven 
members 106 and 108 fixed to the respective input 
and output sprocket shafts 88 and 96. 

The toothed belts 102 and 104 also engage 
respective toothed driving hubs 110 and 112 re- 
35 spectively fixed to a drive shaft 114. The drive 
shaft 114 is powered by a transport motor 116 
through a gear train which includes a motor pinion 
118. an idler gear 120, an idler pinion 122 and a 
driven gear 124 fixed to the drive shaft 114. Under 
40 this arrangement movement of the transport motor 
116 causes movement of the input sprockets 84, 
86 and the output sprockets 92, 94. A bearing 
housing 125, provided at an end of the drive shaft 
114, is supported on a support plate 127 with the 
45 transport motor 1 1 6. 

Referring to Figs. 7, 9 and 11, mixing means 
for separately tilting a group of test tube holders 42 
in the linkage 32, in bi-directional fashion, is gen- 
erally indicated by the reference number 126 and 
so includes the mixing table 36. The mixing table 36 
comprises a support section 300 of predetermined 
width for supporting a predetermined number of 
test tube holders. In the preferred embodiment, the 
mixing table 36 spans six test tube holders 42 in 
55 the linkage 32 indicated by the reference numbers 
42.1. 42.2, 42.3. 42.4. 42.5. and 42.6. 

The mixing table 36 further includes a rear wall 
302 extending from the entrance portion 34 to the 
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exit portion 40. A front wall 304 extends from the 
- ^trance portion 34 to an access opening 306. The 
^cess opening 306 spans two test tube holders 
42.5 and 42.6, the test tube holder 42.6 being in a 
position referred to as the sampling or aspiration 
position. - 

A cover member 308 is pivoted at 310 to the 
front wall 304 and includes a cut out 312 which 
borders the access opening 306. The cover mem- 
ber 308 atso includes a handle 314 and a iatch 
member 316 (Fig. 11) which engages a latch mem- 
ber 318 on the rear wall 302 to hold the cover 
member 308 in a closed position. A reader opening 
320 (Fig. 19) is formed in the support section 300 
in alignment with the test tube holder 42.5 and in 
alignment with an ID reader 322 (Fig. 7) supported 
on a base piece 324. 

Referring to Figs. 7 and 11, the mixing means 
126 further includes a generally semicircular sector 
gear 128 joined to an underside of the support 
section 300. A radial guide slot 132 is formed in 
the sector gear 128 and is radial with respect to a 
center 129 of the sector gear 128 which is co- 
incident with an axis passing through the centers of 
the latch members 46 and 48 of all test tube 
holders 42 on the mixing table 36. The mixing 
action of the mixing table 36 thus provides pivotal 
movement of the test tube holders 42.1. 42.2, 42.3, 
42.4, 42.5 and 42.6 about a substantially diamet- 
rical axis of the test tubes 56 in the test tube 
holders 42. 

A pair of spaced support rollers 134 and 136 
extend into the radial guide slot 132 from a support 
plate 138. The support rollers 134 and 136 are 
sized to permit bi-directional pivotal movement of 
the sector gear 128 about its center with respect to 
the support rollers 134 and 136. Such bi-directional 
movement is accomplished via a mix motor 140 
(Fig. 7) supported at the support plate 138. A motor 
pinion 142 on the mix motor 140 engages an idler 
gear 143 that engages the sector gear 128. A mix 
sensor plate 1 44 depends from the support section 
130 in alignment with a sensor 145, supported on 
the plate 138. 

Referring to Figs. 11, 12 and 13, the aspiration 
module 16 is provided at a predetermined sam- 
pling station on the test apparatus 12 for coopera- 
tion with the conveyor module 14. The aspiration 
module 16 includes an aspiration needle 146 pro- 
vided on a mounting block 148 that is slidably 
supported on a shaft 150. The mounting block 148 
is also affixed to the piston rod 152 (Fig. 16) of a 
pneumatic cylinder 154 having fluid line connectors 
156 and 158. 

A yoke member 160 is affixed to the pneumatic 
cylinder 154 next to the fluid line connector 156. 
The yoke member 160 is mounted to a slider 
bracket 162 slidably mounted on the shaft 150. The 
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slider bracket 16 is affixed to a mounting collar 164 
mounted on a piston shaft 166 of a pneumatic 
cylinder 168. The pneumatic cylinder 154 is thus 
slidably mounted on the shaft 150, the slidable 

5 movement of the cylinder 154 being controlled by 
the pneumatic cylinder 168. The pneumatic cyl- 
inder 168 also includes fluid line connectors (not 
shown) similar to the fluid line connectors 156 and 
158 of the pneumatic cylinder 154. 

70 A centering frame 170 is slidably supported on 

the shaft 150 and normally maintained in a spaced 
relationship from the mounting block 148 by a 
spring 172. The centering frame includes a center- 
ing collar 171 preferably formed of plastic for cen- 

rs tering the stopper 58 of a test tube 56 just before 
the aspiration needle 146 penetrates the stopper 
58. The centering frame 170 includes a leg portion 
174 that extends parallel with the shaft 150 and 
joins the slider bracket 162. The centering frame 

20 170 is thus moveable in unison with the pneumatic 
cylinder 154 by the pneumatic cylinder 168. A 
spring 176 is disposed between the leg portion 174 
and an end wall 178 of a support member 180. The 
support member 180 is joined to a support flange 

25 182 (Fig. 2) that is pivotaJly joined to a support 
beam 184. 

In operation of the sampler 10, a linkage 32 of 
test tube holders 42 of any preselected length is 
placed in the input compartment 68. A lead end of 

so the linkage 32 (not shown) is fed into the input 
linkage guide 30. An input cover 186 (Fig. 7) on the 
input linkage guide 30 facilitates access to the 
linkage 32 as it is being fed through the input 
linkage guide 30. The linkage 32 is manually in- 

35 serted into the linkage guide 30 with one of the test 
tube holders 42 engaging a cusp portion 100 of the 
input sprockets 84 and 86. The input cover 186 is 
then closed thereby actuating an input cover sen- 
sor 192 (Fig. 19) which enables the conveyor sys- 

40 tern to operate. 

A hold-down member 188 (Fig. 7) is biased by 
a spring member 1 90 against a test tube holder 42 
located at the input sprocket members 84, 86 as 
the test tube holder 42 starts to move horizontally 

45 with respect to Fig. 7 toward the mixing table 36. 
The hold-down member 188 helps assure accurate 
control of the test tube holder positions on the 
mixing table 36. 

The transport motor 1 1 6 drives the gears 1 1 8. 

so 120. 122 and 124 to power the toothed belt 102 to 
drive the linkage 32 from the input linkage guide 30 
onto the mixing table 36. 

During the mix cycle, the mixing motor 140 
drives the motor pinion 142 in a first direction a 

55 predetermined amount to rotate the sector gear 
128 approximately 45* in one direction. The mix- 
ing motor 140 then reverses direction to cause to 
sector gear 128 to likewise reverse direction and 
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pivot the mixing table 36 approximately 45* in the 
reverse direction. 

The pivot connection between adjacent test 
tube holders 42 in the linkage 32 permits relative 
tilting movement therebetween as shown in Fig. 3. 
It should be noted that one test tube holder 42 
alone can be tilted with respect to a series of other 
test tube holders 42 linked together, or several test 
tube holders 42 can be tilted in unison with respect 
to several other test tube holders 42, all of which 
are connected together in one linkage. 

The relative tilting capability of test tube hold- 
ers 42 in the linkage 32 permits the mixing table 36 
to mix the group of test tube holders 42.1, 42.2, 
42.3, 42.4, 42.5, and 42.6 as a group separate and 
apart from other test tube holders in the input 
linkage guide 30 and in the output linkage guide 
38. The mixing operation takes place without affect- 
ing the integrity of the connection between ail test 
tube holders 42 in the linkage 32. 

Preferably there are six reversals of direction of 
the mixing table 36 for each mix cycle. The speed 
of movement of the mixing table is predetermined 
based on the type of fluid being tested. Mixing 
usually occurs when an air bubble in the sealed 
test tube 56 rises in the fluid with each tilt of the 
mixing table 36. The motor speed profile of the 
mixing table 36 provides rapid acceleration to cap- 
ture an air bubbla (not shown) in the test tubes 56 
momentarily at one end, and then permit the bub- 
ble to rise to the opposite end before the mixing 
table 36 is again tilted. 

Only when the mixing table 36 is in the hori- 
zontal position as shown in Fig. 1 1 , will the trans- 
port motor 116 operate to transport the linkage 32 
through the input and output linkage guides. Thus, 
the horizontal position of the mixing table 36 as 
shown in Fig. 1 1 is known as the transport position. 

When the mixing table 36 is pivoted approxi- 
mately 45* toward the toothed belts 102 and 104, 
as shown in Figs. 12 and 13, it is located in the stat 
position. Manual interchange of a test tube 56 in 
the position next to the sampling position can be 
accomplished when the mixing table 36 is in the 
stat position. Thus the cover 308 is placed in the 
open position of Fig. 12 by disengaging the latch 
316 from the latch detent 318. 

Referring to Fig. 9, the adapter member 54 of 
the test tube holder 42-5 is removed without dis- 
engaging the connection with the adjacent test tube 
holders 42.4 and 42.6. A replacement adapter 
member and test tube can then be received in the 
test tube holder 42.5. This type of interchange of 
test tubes is usually made when another test tube 
has a sample that requires immediate testing. 

When the mixing table 36 is pivoted 45* to- 
ward the aspiration module 16 as shown in Fig. 14, 
it is in the home position or aspiration position. 



Thus, the test tube holder 42.6 which is in the 
sampling position on the mixing table 36 as shown 
in Fig. 9, aligns with the aspiration needle 146. 
A pneumatic circuit for controlling the operation 
5 of the aspiration module 16 is generally indicated 
by the reference number 400 in Fig. 19. The pneu- 
matic circuit 400 includes a schematic representa- 
tion of the centering frame 170 and the centering 
collar 171, the aspiration needle 146, the mounting 
to block 148. and the pneumatic cylinders 154 and 
168. The pneumatic circuit 140 also includes a 
sample port selector valve 402, a microswitch 404 
and a shear valve 405 connected to a conductivity 
detector 406 which leads to a waste bin 408. 
75 A needle clear sensor 410 cooperates with a 

needle clear vane 412. An air supply 414 feeds air 
through the lines 432. 434, 436 and 438 which 
respectively include solenoid air escape valves 
416, 418, 420, and 422. and flow controllers 424, 
20 426, 428, and 430. 

A tube sensor 440 is provided on the input . 
linkage guide 30 just before the entrance portion 
34 of the mixing table 36. 

The pneumatic circuit 400 is operational when 
25 the selector valve 402 is turned to a predetermined 
position corresponding to automatic operation, 
wherein test tubes 56 on the linkage 32 are auto- 
matically aspirated. The switch 402 also has a 
position which enables the apparatus 12 to operate 
30 on manually introduced open test tubes which are 
aspirated through the aspiration probe 20. When 
the valve 402 is in the automatic select position, 
the microswitch 404 signals the computer 622 (Fig. 
17) to operate in the automatic mode. 
35 The tube sensor 440 senses the presence of 

test tube holders 42 in the linkage 32 which contain 
test tubes 56 with fluid to be tested. It should be 
noted that some test tube holders 42 may not 
contain a test tube 56 for one reason or another. 
40 Once the sensor 440 has sensed the presence of a 
test tube with fluid in a test tube holder 42 that 
moves onto the mixing table 36, it causes the 
mixing operation to take place. 

When the test tube containing fluid reaches the 
45 sampling position, which is six positions away from 
the sensor 440, and is mixed in the sampling 
* position, the aspiration process will begin. Thus, 
the mixing cycle terminates with the mixing table 
36 in the aspiration position as shown in Fig. 14. 
so The centering collar 171 and the needle mount 

148 are moved from the position of Fig. 14 to the 
position of Fig. 15 when air is permitted to enter 
line 436 of the cylinder 168. The centering collar 
171 thus engages and centers the stopper 58 of 
55 the test tube holder 42.6 before the needle 146 
penetrates the stopper. 

After the stopper 58 has been centered by the 
centering collar 171, air enters line 432 of the 
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pneumatic cylinder 154 to cause the piston rod 152 
to move the mounting block 148 toward the stop- 
per 58 in the manner shown in Fig. 16. The needle 
146 thus penetrates the stopper 58 to withdraw 
fluid from the test tube 56 of the test tube holder 
42.6. 

Fluid withdrawn from the test tube 56 by the 
needle 146 passes through the line 446, through 
the valve 402 and the line 448 to the shear valve 
405 and into the conductivity sensor 406 which 
signals the needle 146 to stop aspirating. The air 
escape valve 416 opens to permit air to escape 
through the line 432. Air is admitted into the cyl- 
inder 154 through the line 434 to retract the needle 
mounting block 148 and the needle 146 from the 
stopper 58. 

The collar 171 remains in the centering posi- 
tion around the needle stopper 58 while the needle 
146 is being withdrawn to the position of Fig. 15. 
The air escape valve 420 opens to permit air to 
escape from the cylinder 168 through the line 436. 
Air is next admitted through the line 438 into the 
cylinder 168 to cause the piston rod 166 to retract 
the centering frame 170 and the centering collar 
171 from the position of Fig. 15 to the position of 
Fig. 14. A program provided in the computer 608 
(Fig. 17) controls the timing of operation of the 
various valves in the pneumatic circuit 400. The 
springs 172 and 176 (Figs. 14-16) also help restore 
the centering frame 170 and the mounting block 
1 48 to their predetermined rest positions as shown 
in Fig. 14, although their primary function is to 
retract the needle and centering collar should pri- 
mary air pressure be lost due to system failure or 
power failure. 

With the needle 146 located in the collar 171, 
in the position of Fig. 14, a wash cycle takes place 
wherein wash fluid flows through the line 450, past 
the conductivity detector 406, into the shear valve 
405, through the line 448, past the valve 402, into 
the line 446 to flush the inside and outside of the 
needle 146. The flushing liquid is drawn into the 
line 442 leading to the waste chamber 408. Further 
details of the wash cycle are contained in U.S. 
Patent Application Serial No. 771,895 filed Septem- 
ber 3, 1 985, the disclosure of which is incorporated 
herein by reference. 

When the collar 171 is retracted from the nee- 
dle stopper 58, the vane 412 is in a position 
corresponding to the needle clear position. The 
needle clear information is sensed by the needle 
clear sensor 41 0 and the mixing table 36 is pivoted 
from the position shown in Fig. 14 to the transport 
position of Fig. 11. The transport position of the 
mixing table allows the linkage 32 to move an 
additional step equal to the pitch between the test 
tube holders 42. Thus the test tube holder 42.5 is 
moved into the sampling position previously oc- 
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cupied by the test tube holder 42.6. 

When the test tube holder 42.5 is aligned with 
the ID reader 322 as shown in Fig. 19, a label 57 
(Fig. 3) on the test tube 56 is read to identify the 

5 particular test tube sample. Standard ID codes 
such as a bar code can be provided on the test 
tube labels 57 before the test tubes are loaded into 
their test tube holders. The test tube held by the 
test tube holder 42.5 is thus fully identified by the 

w computer 608 (Fig. 20) before the test tube holder 
42.5 moves into the sampling position. The mix 
cycle is then repeated, followed by the aspiration 
cycle and again by a transport cycle. 

If the sensor 440 does not detect a test tube in 

75 an initial test tube holder when the linkage 32 is 
first being loaded into the input linkage guide 30, 
there will be no mixing by the mixing table 36 
when such test tube holder moves onto the mix 
table. However, as soon as the sensor 440 first 

20 senses a test tube 56 with fluid in a test tube 
holder 42. the mixing table 36 will go through a mix 
cycle. 

The mix cycle occurs for each indexed move- 
ment of the fluid containing test tube holder on the 

25 mix table 36 until it reaches the sampling position, 
regardless of the filled or empty condition of test 
tube holders which follow the initial fluid containing 
test tube holder. Thus in the embodiment shown 
herein, a test tube holder containing a test tube 

30 with fluid will go through six mixing sequences on 
the mixing table 36, even if five empty test tubes 
follow. The sampler 10 provides a normal mixing 
operation for each indexed movement of the link- 
age 32 if every sixth test tube holder 42 in the 

35 linkage 32 is provided with a test tube having fluid 
therein. 

Indexed movement of the linkage 32 a distance 
equal to the pitch between adjacent test tube hold- 
ers 42 is governed by a transport sensor 194 (Fig. 

40 19) positioned in proximity of a transport sensor 
vane 196 fixed to the input sprocket shaft 88. The 
transport sensor vane 196 has five lobes 198, 72* 
apart. The transport sensor 194 senses an exact 
72* movement of the input sprocket shaft 88 and 

45 then stops the motor 116 from running. The motor 
116 thus runs in accordance with the position of 
the transport sensor vane 196 as sensed by the 
transport sensor 194. The 72* rotation of the input 
sprocket is correlated to pitch between adjacent 

so test tube holders 42 in the linkage 32. Under this 
arrangement there is accurate positioning of the 
test tube holders 42 in the sampling position, in 
alignment with the aspiration needle 146. 

As previously noted, the movement of selected 

55 mechanical components in the sampler 10 are 
sensed by sensing devices. The positional location 
of such movements are ascertained and a further 
sequence of movements of further components of 
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the sampler 10 is accomplished based on a com- 
puter program that controls all stages of operation 
of the sampler 10 including movement of the link- 
age 32, movement of the mixing table 36, the 
appropriate cessation of such movement, and the 
operation of the aspiration module 16. 

A simplified schematic diagram of an electronic 
system 600 for operating the transport, mixing and 
aspiration functions of the automatic closed tube 
sampler is shown in Rg. 20. The system 600 
comprises three smaller systems, namely, an as- 
piration system 602 for aspirating a test sample of 
fluid from each test tube, a mixing system 604 for 
controlling the mixing of test tubes containing sam- 
ples of blood or other fluids, and a transport sys- 
tem 606 for transporting test tubes toward and 
away from the aspirator. The systems 602, 604 and 
606 are operated under control of a computer 608, 
and are coupled to the computer 608 via a set of 
input/output (I/O) devices 610 and a data/address 
bus 612. 

In the aspiration system 602. the valves 614 
provide for pneumatic control of the advancement 
and retraction of the aspiration needle. The valves 
614 are electrically activated by signals generated 
in the computer 608 and coupled via the I/O de- 
vices 610 and I/O lines 616 to the individual valves 
614. The activation signals applied via the lines 616 
are generated by the computer 608 in response to 
information provided by the aspiration system 602 
to the computer 608. The information includes the 
presence of the test tube, the location of the as- 
piration needle, interlock status and whether a pre- 
determined amount of fluid such as blood has been 
aspirated from a test tube. 

A fill sensor 618 includes an electrical con- 
ductivity detector, operative in response to the 
presence of fluid in an aspirating container (not 
shown in Rg. 20). The fill sensor 618 applies a 
signal to the computer 608 through a host com- 
puter 622 of the test apparatus 12 via a commu- 
nication link 623 to indicate when the predeter- 
mined amount of fluid has been aspirated. A nee- 
dle clear switch 620 provides a switch closure to 
the I/O device 610 to indicate to the computer 608 
that the aspiration needle (not shown in Fig. 20) 
has been fully withdrawn so as to clear mechanical 
elements of the mixing and transport systems 604 
and 606, thereby permitting operation of the sys- 
tems 604 and 606. 

In the mixing system 604, the electric motor 
624 which tilts the mixing table (not shown in Rg. 
20) to provide for the mixing of fluid in the test 
tubes, is activated electrically by two electronic 
drives 626 and 628. The drive 626 is a low speed 
drive which is employed for accurately positioning 
the mix table in preparation for aspiration. The 
drive 628 is a high speed drive employed for tilting 



the table back and forth. The two drives 626 and 
628 receive signals from the computer 608 via the 
I/O devices 610, and are selectively coupled via an 
electronic switching system 630 to the motor 624. 
5 Operation of the electronic switching system 630 is 
controlled by the computer 608 via the I/O lines 
632. 

Both the drives 626 and 628 operate in a 
closed loop fashion. In the low speed drive 626, a 
70 loop error signal is provided by a sensor 634 
mechanically coupled to the mixing table. The sen- 
sor 634 outputs an electric signal which indicates 
to the computer 608 the position of the table rela- 
tive to a predetermined position. In the high speed 
is drive 628, an error detector 636 outputs to the 
computer 608 a difference between a computer 
designated amount of motor shaft rotation and an 
actual value of motor shaft rotation. Also present in 
the mixing system 604 is a test tube sensor 638 
20 which provides an indication to the computer 608 
of whether a test tube is present in a specific slot 
or test tube holder of the transport conveyor. This 
information indicates to the computer 608 whether 
the mixing and/or aspiration functions are to be 
25 performed. 

An interlock 640 is employed for the safety of 
personnel operating the system 600, and includes 
switches (not shown) on protective doors and pan- 
eling which enclose electrical and mechanical com- 
30 ponents of the delivery system. The interlock 640 
signals the computer 608 of a hazard, such as an 
open door, so that the computer can respond by 
terminating mechanical movement 

In the transport system 606, an electric motor 
35 642 is employed for advancing the conveyor (not 
shown in Rg. 20) for successively delivering test 
tubes to the mixing table and to the aspiration 
location. The transport motor 642 is also elec- 
trically operated by a low speed drive 644 and a 
4o high speed drive 646 which are selectively coupled 
via an electronic switch 648 to the transport motor 
642. Both the drives 644 and 646 operate in a 
closed-loop fashion. A feedback of signal for the 
low speed drive 644 is provided by an offset sen- 
45 sor 650 which is mechanically coupled to the con- 
veyor. The offset sensor 650 generates an elec- 
trical signal indicating an offset from a desired 
position of the conveyor, the electrical signal being 
applied via the I/O devices 610 to the computer 
so 608. 

In the high speed drive 646, an error detector 
652 outputs the difference between a computer 
designated motor shaft rotation and an actual value 
of shaft rotation. The output signal of the detector 
55 652 indicates to the computer 608 the error be- 
tween a designated location of the conveyor and 
the actual location of the conveyor. The high speed 
drive 646 is employed to advance the conveyor to 
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bring a test tube to the approximate location for 
aspiration, while the low speed drive 644 is em- 
ployed for final accurate adjustment of the con- 
veyor to accurately position the test tube at the 
aspiration location (sensor 650). Switching between 
the two drives 644 and 646 is accomplished by the 
electronic switch 648 in response to a command 
signal outputted via the computer 608 and applied 
via I/O lines 654 to the switch 648. 

A schematic configuration of the drive unit 656 
which may be used for driving either the mix motor 
624 or the transport motor 642 is shown in Rg. 21. 
It will be noted from Rg. 20 that the same configu- 
ration of closed-loop control using both high and 
low speed drives is employed for each of the 
motors 624 and 642. Both high speed drives are 
velocity profiled to maximize individual perfor- 
mance and obtain full movement of the air bubble 
through the fluid in the test tube. 

Rg. 21 has been simplified by deletion of the 
i/O devices 610. and the bus 612 containing the I/O 
devices 610 with the computer 608. to more clearly 
show the connection between the drive unit 656 
and the computer 608. 

The drive unit 656 comprises a motor 658 
mechanically coupled to a position offset sensor 
660, a motor shaft rotation sensor 662 and a driven 
element 664. The description of the drive unit 656 
is applicable to both the mixing system 604 and 
the transport system 606 of Rg. 20. 

In the mixing system 604. the motor 658 and 
the driven element 664 respectively correspond to 
the table motor 624 and the mixing table. The 
sensor 660 corresponds to the sensor 634. Also 
included within the drive unit 656 is a summer 666 
coupled to an output terminal of the shaft rotation 
sensor 662. The sensor 662 in combination with 
the summer 666 corresponds to the error signal 
output 636. 

In the transport system 606 of Rg. 20. the 
motor 658 and the driven element 664 correspond 
respectively to the motor 642 and the conveyor. 
The sensor 660 corresponds to the sensor 650. 
The combination of the sensor 662 with the sum- 
mers 666 corresponds to the error signal output 
652. 

Also included within the drive unit 656 is a low 
speed servo drive 668. a high speed servo drive 
670, an electronic switch 672 and a driver 674. The 
servo drives 668 and 670 apply signals selectively 
via the switch 672 for activation of the motor 658. 
These signals are amplified by the driver 674 to a 
power level suitable for operation of the motor 658. 

With reference to the mixing system 604, the 
servo drives 668 and 670 correspond respectively 
to the drives 626 and 628. the switches 672 cor- 
responding to the switch 630. With respect to the 
transport system 606. the servo drive 668 and 670 



correspond respectively to the drivers 644 and 646, 
the switch 672 corresponding to the switch 648. 
The switch 672 is operated by a command from 
the computer 608. An offset signal from the sensor 
s 660 and an error signal from the summer 666 are 
applied as input signals to the computer 608. Also 
as shown in Rg. 21, a reset signal applied by the 
computer 608 for operation of the mixing system 
604 is not used for the transport system 606. 
70 Further shown in Rg. 21 is a control panel 676 

of the system 600, the panel 676 including switch- 
es for operating the system 600. By way of exam- 
ple, the panel 676 includes a run/stop switch 678. a 
stat switch 682 for interrupting the operation of the 
75 system 600 to permit interchange of a test tube of 
relatively low priority on the mixing table with a test 
tube of relatively high priority. 

The run/stop switch 678 permits an operator to 
restart the system after interchanging the test 
20 tubes. Also included on the panel 676 is a mix 
designation switch 686 to activate the mix cycle. 
Another switch designated reject 684 is used to 
stop and bypass unwanted samples. A further 
switch designated transport 680 is used to activate 
25 a one position at a time movement of the test 
tubes toward the aspirate position. A corresponding 
designation of position for the transport of the con- 
veyor is provided by a read-only memory 688 in 
• the computer 608. The amount of advancement of 
30 the conveyor is fixed in accordance with the phys- 
ical size of the conveyor and is therefore not ad- 
justable at the panel 676. 

In operation of the drive unit 656, the computer 
608 designates a desired position of the driven 
35 element 664 in terms of a number of motor shaft 
rotations. The desired position designation is ap- 
plied as an input to the summer 666. The shaft 
rotation sensor 662 has a well known form includ- 
ing a pulse train generator providing in-phase and 
40 quadrature pulse trains in synchronism with rotation 
of the motor shaft, and an up/down counter which 
counts pulses of the pulse trains to output a signal 
to the summer 666 indicating the present position 
of the shaft. 

45 The difference between the two signals is out- 

putted by the summer 666 as a loop error signal 
which is applied via the high-speed servo drive 670 
and the switch 672 to the driver 674. Similarly, the 
offset sensor 660 operates an offset signal to the 

so low speed servo drive 668 which, in turn, via the 
switch 672. applies a signal to the driver 674 for 
operation of the motor 658. The offset sensor 660 
may comprise an optical or Hall effect device for 
sensing the position of a moving vane (not shown 

55 in Rg. 21) coupled to the driven element 664, 
relative to a reference point. Movement of the vane 
to either side of the reference point generates a 
signal of corresponding sense (positive or negative) 
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for driving the element 664 to the reference point. 

Referring to Figs. 20 and 21 , the system 600 is 
described more fully as follows. 

The aspiration system 602 is pneumatically 
operated in response to a set of vaives which are 
individually actuatable by the computer 608 when a 
test tube or vial is present The test tube sensor 
638 detects that a test tube is in position for 
aspiration. The fill sensor 618 employs an electrical 
conductivity detector for signaling the computer 
608 when the desired volume of blood has been 
aspirated from a test tube of the delivery system. 
When the needle has been fully retracted, the 
needle clear switch 620 signals the computer 608 
that the needle is clear of the test tubes. 

The motor 624 which positions the mix table 
and the motor 642 which drives the conveyor to 
transport the test tubes past the mix table are each 
DC servo motors which are driven by a variable 
speed electronic drive. Thehigh speed servo drive 
670 includes a well known velocity profile shaping 
circuit operative in a feedback loop to accelerate 
and decelerate the driven element 664, either the 
table or the conveyor, from a present position to a 
position designated by the computer 608. Upon 
receiving an indication of zero error, the computer 
608 switches to the low speed servo drive 668 
which operates in closed loop fashion in response 
to the mechanical vane of the offset sensor 660 to 
accurately locate the driven element 664 at a de- 
sired position. The offset sensor 660 signals the 
amount of offset to the computer 608, a zero offset 
indicating that the driven element 664 is in the 
desired position. 

The circuit of the driver 674 imparts electric 
power to the motor 658 to drive the motor 658 
either clockwise or counterclockwise. The driver 
674 receives electrical signals via the switch 672 
from either the high speed servo drive 670 or the 
low speed servo drive 668. The shaft rotation sen- 
sor 662, the summer 666 and the high speed servo 
drive 670 form a high speed feedback loop for 
driving the motor 658. The position offset sensor 
660 and the low speed servo drive 668 form a low 
speed high precision feedback loop for driving the 
motor 658. The summer 666 between the shaft 
rotation sensor 662 and the high speed servo drive 
670 provides for injection of the designated loca- 
tion of the driven element 664 by the computer 
608, the output signal of the summer 666 serving 
as a loop error signal which is fed back to the 
computer 608. 

In the operation of the mix table, the computer 
608 may also provide a reset signal directly to the 
high speed servo drive 670 to move the table 
toward the home position, the offset sensor 660 
indicating when the table has arrived in the vicinity 
of the home position. Thereafter, the low speed 



servo drive 668 can accurately position the table in 
the home position. The reset procedure is available 
for initializing the position of the table. On the 
control panel 676, the interrupt switch 682 enables 
5 one to stop the mixing operation wherein the table 
assumes a stat position in which a high priority test 
tube may be substituted for a lower priority test 
tube. Thereafter, the restart switch 684 is employed 
to continue the mixing operation. 
70 Referring to Fig. 22, which shows a flow chart 

for operation of the delivery system, the cyclical 
procedure begins with a mixing operation that is 
shown schematically in Rg. 23. During the mixing 
operation, an opportunity is presented for sensing 
75 the presence of a test tube, its contents, as well as 
for reading a bar-code label on the test tube (Block 
700). Thus, the presence and the fill status of each 
test tube is checked. In the event that no test tubes 
are present on six successive counts, representing 
20 six successive test tube holders (Block 702), the 
system shuts down on the assumption that there 
are no more blood samples to be checked. 

After the mixing operation is completed, the 
mix table is placed in a level position (Block 704), 
25 the transport (Block 705) is activated to move the 
next test tube holder into position for aspiration, 
and the table is tipped back to the home position 
(Block 706) to access the aspirator. The computer 
608 then checks stored test tube data (Block 707) 
30 to ascertain that a fluid sample is present, and if 
present (Line 708). activates the aspiration proce- 
dure. After aspiration, or if no fluid sample is 
present, the process returns to the mixing stage. 
The mixing operation, as shown schematically 
35 in Fig. 23, begins at the home position of the mix 
table. If the mix table is not at the home position 
(Line 710), then the computer 608 injects a reset 
signal of relatively small value, as compared to 
large values of error signal which may be present 
40 in the high speed loop of the mix motor control. 
The reset signal drives the table toward the home 
position. The computer 608 terminates the reset 
signal upon a reading of zero offset (Block 712) 
from the offset sensor. 
45 With the table in the home position, and with 

reference to the high speed drive 670 of Rg. 21, 
the computer 608 injects a signal at the summer 
666 which designates a desired stat position of the 
table at the opposite extreme of tilt, the designated 
so position being given in terms of shaft rotations of 
the mix motor 624. The personnel safety interlock 
is checked (Block 716), and if open, the program 
stops. If closed, the program continues with a 
switching of the driver input via switch 672 to the 
55 high speed servo drive 670 which activates the 
motor 658 to drive the table from the home position 
to the stat position. The computer 608 reads the 
error signal (Block 718) to determine when the stat 
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position has been reached and also reads the 
control pane! to determine if an interrupt signal has 
been entered. 

If an interrupt signal has been entered (Line 
720), the operation stops with the mix table holding 
the test tubes in the stat position. The stat position 
allows access to the test tube holders to replace 
one or more test tubes on the mix table with higher 
prior test tubes. After a test tube interchange has 
been completed on the mix table, the restart button 
is pressed to reactivate the system, at which point 
the mixing operation is resumed. 

The mixing operation includes a pause (Block 
722) in the stat position to allow an air bubble in 
the test tube to rise from the bottom of the test 
tube toward the top of the test tube. This enhances 
the mixing of blood or other fluids which are con- 
tained in the test tubes of the delivery system. The 
computer 608 then commands the mix table to 
return to the home position (Block 724) by injecting 
at the summer 666 a change in motor shaft rotation 
of the opposite sense to shift the table back to the 
home position. The servo loop operates to drive 
the motor 624 in the reverse direction. The com- 
puter 608 monitors the error signal. The attainment 
of a zero error indicates the table has returned- to 
the home position. Thereupon, the computer 608 
orders a pause (Block 726) to allow bubbles to rise 
through the fluid contained in the test tubes to 
accomplish a mixing of the fluid in the test tubes. 

The foregoing description of the mixing pro- 
cess involves one complete cycle of motion of the 
mix table. A predetermined number of cycles is 
provided before a test tube is advanced one step 
along the conveyor. For example, there may be six 
locations on the mix table, wfth the mix table being 
cycled twelve times at each position, thus providing 
a total of 60 mixing cycles before the fluid in the 
test tube is aspirated. 

As shown in the flow chart, the computer 608 
counts the number of cycles (Block 728) and re- 
peats (Line 730) the cyclical procedure until twelve 
cycles, for example, have been reached. At this 
point, the computer exits the mix routine to enter 
the transport phase of the operation. 

A more detailed schematic form of the process 
steps shown in Fig. 22 of leveling (Block 704) and 
homing (Block 706) the mixing table is shown in 
Fig. 24. The transport phase of the operation is 
preceded by a leveling of the mixing table, and 
followed by a returning of the mixing table to the 
home position. Leveling of the mixing table is ac- 
complished by activating the high speed motor 
drive 628 for the mixing motor 624 and by des- 
ignating (Block 732) a number of motor shaft rota- 
tions which will pivot the table through an angle of 
45 degrees to level the table. During activation of 
the motor, the error signal is read by the computer 



608. A zero error signal (Block 734) indicates that 
the table has been brought to the level position. 
Thereupon, the transport process (Block 705), as 
shown schematically in Fig. 25, is initiated. 

5 Following the transport process, the table is 

returned to the home position. This is accom- 
plished by introducing the number of rotations of 
reverse motor direction (Block 736) into the sum- 
mer 636 of the high speed servo motor drive 628. 

10 The high speed loop drives the motor 624 until a 
zero error is attained. After the computer 608 notes 
the presence of the zero error, the computer 608 
operates the switch 630 to drive the mixing motor 
624 via the low speed drive 626 (Block 738). In the 

75 low speed drive 626, the position of the motor 624 
is accurately set with the aid of the optical or Hall- 
effect device sensor which signals the positional 
offset to the computer 608. The accurate position- 
ing of the low speed drive 626 precisely locates a 

20 test tube for interfacing with the aspirator. Upon 
attaining zero offset, the computer 608 exits the 
transport routine to return to the main process 
schematically shown in Fig. 22. 

The transport phase of the main process flow 

25 chart (Block 705 in Figs. 22 and 24) is shown in a 
more detailed schematic form in Fig. 25. The high 
speed drive is employed with the transport motor 
642. The computer designates (Block 740) the po- 
sition of the next sprocket on the sprocket drive of 

30 the conveyor. After checking the personnel inter- 
lock, the program directs that the feedback loop of 
the high speed drive be switched (Block 742) to 
operate the transport motor 642. The transport mo- 
tor 642 drives the conveyor, one notch of the 

35 sprocket, to advance each of the test tubes by one 
position. 

The attainment of a zero error signal indicates 
to the computer 608 that the conveyor has ad- 
vanced to the next position. Thereupon, the com- 

40 puter switches the transport motor 642 to the low 
speed drive (Block 744) for highly accurate posi- 
tioning of the conveyor to improve the interfacing 
of a test tube with the aspirator for accurate control 
of aspiration. The attainment of zero offset indi- 

45 cates to the computer 608 that a test tube holder 
on the conveyor has been placed in position for 
aspiration. 

The computer control operation of the aspirator 
is shown in detailed schematic form in Fig. 26. 

so First, the appropriate valve is actuated for direction 
of pneumatic fluid for advancing the needle carry- 
ing carriage (Block 746) and centering cone toward 
a test tube in the aspirate position. The centering 
cone envelops an end of the test tube adapter to 

55 urge it and the test tube within, into alignment with 
the aspiration needle. Then, another valve is ac- 
tuated for insertion of the needle (Block 748) 
through the rubber stopper of the test tube into the 
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fluid contents of the test tube. Withdrawal of fluid is 
initiated to accomplish the aspiration. The fluid 
withdrawal continues until an electrical conductivity 
detector indicates, by generation of a fill signal 
(Block 750) that a container of fluid on the aspirator 
has received a predetermined amount of fluid. 
Thereupon, the computer 608 operates valves in 
the pneumatic system of the aspirator to terminate 
further withdrawal of fluid from the test tube. Ter- 
mination of fluid withdrawal is followed by retraction 
of the needle (Block 752) and retraction of the 
carriage and centering cone. The needle clear sig- 
nal (Block 754) indicates complete retraction of the 
needle so that further mixing and transport can be 
accomplished without interference. In response to 
the needle clear signal, a needle washing step is 
instituted and the program exits the aspirate proce- 
dure to return to the main flow procedure schemati- 
cally shown in Fig. 22. 

A system interlock switch 450 (Fig. 19) is en- 
gaged when the sampler 10 is in the Fig. 1 position 
and disengaged when the sampler 10 is in the Fig. 
2 position. The sampler 10 is operational when the 
interlock switch 450 is engaged and nonoperational 
when the switch 450 is disengaged. 

Some advantages of the present invention evi- 
dent from the foregoing description include an 
automatic sampling system which incorporates a 
linkage that remains integral and continuous during 
mixing and transport cycles. The arrangement of 
the linkage permits the development of linkages of 
any selected length. A further advantage is the 
capability of the sampler to test samples from test 
tubes of different size and to provide accurate 
precise movement and positioning of test tubes 
relative to an aspiration needle. 

In view of the above, it will be seen that the 
several objects of the invention are achieved and 
other advantageous results attained. 

As various changes can be made in the above 
constructions and method without departing from 
the scope of the invention, it is intended that ail 
matter contained in the above description or shown 
in the accompanying drawings shall be interpreted 
as illustrative and not in a limiting sense. 



Claims 

1. A conveyor system for transporting test 
tubes to a sampling location (10) of a test appara- 
tus (12) comprising, 

(a) a plurality of elongated test tube holders 
(42), with respective longitudinal axes (44), de- 
tachably joined together to form a continuous link- 
age (32), a test tube (56) being receivable in and 
removable from each of said test tube holders, 



(b) latching means (46,48) for detachably 
joining the test tube holders together to permit a 
first bi-directional pivotal movement between said 
test tube holders such that the longitudinal axis of 

5 one test tube holder is an axis of rotation for an 
adjacent test tube holder, whereby said linkage is 
flexible about the longitudinal axes of the respec- 
tive test tube holders, 

(c) drive means (82) for engaging the test 
to tube holders of said linkage to move the linkage in 

a second direction past said sampling location, 

(d) mixing means (126) for moving a first 
predetermined number of test tube holders in the 
linkage, separate from the other test tube holders 

75 in the linkage, in a predetermined pattern of move- 
ment, when said first predetermined number of test 
tube holders (42.1 to 42.6) are in a first predeter- 
mined location with respect to said sampling loca- 
tion, 

20 (e) said latching means further including a 

pivot joint between adjacent test tube holders for 
permitting a second bi-directional pivotal move- 
ment between said adjacent test tube holders such 
that one of said adjacent test tube holders can be 
25 tilted about said pivot joint with respect to the other 
adjacent test tube holder whereby the longitudinal 
axis of said one adjacent test tube holder is inclin- 
able with respect to the longitudinal axis of the 
other adjacent test tube holder, the inclinable bi- 
30 directional movement of said one » adjacent test 
tube holder about said pivot joint with respect to 
the other adjacent test tube holder constituting said 
predetermined pattern of movement. 

2. A conveyor system according to claim 1, 
35 wherein a test tube of one size is engageable in 
one of said test tube holders and a test tube of 
another si2e is engageable in another of said test 
tube holders such that test tubes of different sizes 
are simultaneously receivable in said linkage. 
40 3. A system according to claim 1 or 2, wherein 

said mixing means includes a table (36) for sup- 
porting said first predetermined number of test 
tube holders, and means (140) for pivoting said 
table in said second bi-directional pivotal move- 
45 ment to cause the first predetermined number of 
test tube holders to simultaneously undergo said 
second bidirectional inclinable movement, said ta- 
ble being inclinable in positions respectively cor- 
responding to a stat position and an aspirate posi- 
50 tion during said predetermined pattern of move- 
ment. 

4. A system according to claim 3, wherein said 
mixing means include means (144,145) for stop- 
ping the second bidirectional movement of said 
55 table in said stat position to obtain access to any 
one of said predetermined number of test tube 
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holders for removal and interchange of any one of 
the test tubes in the first predetermined number of 
test tube holders with a new test tube. 

5. A system according to claim 3, wherein said 
table is supported on a gear member (128), said 
gear member being motor (140) driven in opposite 
directions to accomplish said second bi-directionai 
pivotal movement. 

6. A system according to any of claims 1 to 5. 
wherein said test tube holder comprises an elon- 
gated tubular member (50) and said latching 
means include a pivot member (52) pivotally sup- 
ported on said elongated tubular member for rela- 
tive radial movement with respect to said tubular 
member about said longitudinal axis (44). 

7. A system according to claim 6, wherein said 
latching means further comprise a first latch mem- 
ber (46) on said elongated tubular member and a 
second latch member (48) on said pivot member. 

8. A system according to claim 7, wherein said 
first latch member of one test tube holder is en- 
gageable with the second latch member of an 
adjacent test tube holder to form said pivot joint. 

9. A system according to any of claims 1 to 8, 
wherein said test tube holders in said linkage have 
a generally circular periphery, and said drive 
means comprise at least one sprocket member 
(84,86,92 94) having a plurality of cusp portions 
(1 00) for engaging the periphery of said test tube 
holders to drive said linkage in said second direc- 
tion. 

10. A system according to claim 9, wherein 
said drive means comprises at least one (84,86) of 
said sprocket members being positioned in ad- 
vance of said sampling station and the other 
(92,94) of said sprocket members being positioned 
beyond said sampling station. 

11. A system according to any of claims 1 to 

10, including an entrance port (72) through which 
said selected number of test tube holders continu- 
ously pass for movement by said drive means past 
said sampling station. 

12. A system according to any of claims 1 to 

11, which includes an exit port (74) through which 
said plurality of test tube holders continuously pass 
after passing said sampling location. 

13. A system as claimed in any of claims 1 to 

12, further including control means (600) for con- 
trolling the movement of said linkage to permit a 
predetermined sequence of cycles of mixing and 
aspiration, wherein said linkage is rendered immo- 
bile in said second direction for predetermined 
time periods representing the duration of said mix- 
ing and aspiration cycles. 

14. A system according to claim 13, wherein 
said control means controls movement of said 
drive means when the mixing and aspiration cycles 



are completed to move said linkage a predeter- 
mined distance corresponding to the pitch of said 
test tube holders. 

15. A conversion system for a manual feed 
5 open tube sampling apparatus for testing the fluid 

contents of test tubes, said conversion system con- 
verting the operation of said apparatus from a 
manual feed operation to automatic continuous 
feeding of test tubes for automatic sampling at an 
w automatic sampling station, comprising, 

(a) a conveyor system (14) for continuously 
transporting test tubes (56) to a sampling station of 
said sampling apparatus, the conveyor system in- 
cluding any selected number of elongated test tube 

is holders (42) detachably joined together to form a 
continuous linkage, with a test tube (56) being 
receivable in and removable from each of said test 
tube holders. 

(b) mixing means (126) for moving a first 
20 predetermined number of test tube holders in the 

linkage separate from the other test tube holders in 
the linkage, when said first predetermined number 
of test tube holders are in a first predetermined 
location with respect to said automatic sampling 
25 station, 

(c) automatic aspiration means (16) at said 
automatic sampling station, for automatically with- 
drawing a sample of fluid from the test tubes as 
said test tube holders sequentially move into align- 

30 ment with said needle member, said aspiration 
means including a needle member (146). 

16. A system according to claim 15, wherein 
said needle member is normally spaced from said 
linkage and said aspiration means further includes 

as means (154) for moving said needle member to- 
ward said linkage and into one of said test tubes in 
the group of said first predetermined number of 
test tubes, at a predetermined time when said one 
test tube is aligned with said needle member, and 

40 for moving said needle member away from said 
one test tube and into the normally spaced position 
when said fluid withdrawal is completed. 

17. A conversion system according to claim 16, 
wherein said one test tube includes a penetrable 

45 sealing stopper (58) and said aspiration means 
includes centering means (170) for centering said 
sealing stopper with respect to said needle mem- 
ber before said needle member is moved into said 
test tube. 

so 18. A system according to claim 17, wherein 

said centering means includes a collar member 
(171) of complementary shape with respect to said 
test tube holder to engage said test tube holder for 
centering said sealing stopper. 

55 19. An automatic sampling system comprising, 

(a) testing means for analyzing a sample of 
fluid by the automatic performance of a plurality of 
tests on predetermined portions of said sample. 

15 
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(b) a conveyor system for continuously 
transporting test tubes to a sampling station of a 
test apparatus, the conveyor system including any 
selected number of elongated test tube holders 
detachably joined together to form a continuous 5 
linkage, with a test tube being receivable in and 
removable from each of said test tube holders, 

(c) mixing means for moving a first predeter- 
mined number of test tube holders in the linkage 
separate from the other test tube holders in the io 
linkage, when said first predetermined number of 

test tube holders are in a first predetermined loca- 
tion with respect to said automatic sampling sta- 
tion, 

(d) automatic aspiration means, including a is 
needle member, at said sampling station for auto- 
matically withdrawing a sample of fluid from the 

test tubes as said test tube holders sequentially 
move into alignment with said needle member. 

20. A method of testing fluid samples compris- 20 

ing, 

(a) detachably joining any selected number 
of test tube holders together to form a continuous 
linkage such that a test tube containing a fluid 
sample is receivable in and removable from any 25 
one of the test tube holders, 

(b) permitting any of the test tube holders in 
the linkage to pivot with respect to an adjacent test 
tube holder about a longitudinal axis of the adja- 
cent test tube holder. So 

(c) permitting any of the test tube holders in 
the linkage to tilt with respect to an adjacent test 
tube holder such that the longitudinal axis of one 
test tube holder is skew with respect to the longitu- 
dinal axis of the adjacent test tube holder, 35 

(d) moving the linkage of test tube holders, 
with test tubes, past a sampling location, 

(e) moving a first predetermined number of 
test tube holders in the linkage in a mixing pattern 

of movement wherein the longitudinal axes of the 40 
first predetermined number of test tube holders are 
tilted collectively in opposite directions, separate 
from the other test tube holders in the linkage, 
when the first predetermined number of test tube 
holders are in a first predetermined location with 45 
respect to the sampling location, 

(f) aligning one of the test tube holders of 
the first predetermined number of test tube holders 
with an aspiration needle and withdrawing a sample 

of fluid from the aligned test tube holder at a so 
selected time, 

(g) automatically transferring portions of the 
sample of liquid to predetermined numbers of test 
stations for performance of a predetermined num- 
ber of tests on the fluid sample. 55 

21 . A method according to claim 20, including 
maintaining the continuous continuity of the linkage 
through the mixing movement 

16 
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